Abstract
Introduction

43
Over one third of the world's coral reefs are situated in South East Asia and they host 
48
Land reclamation and the amalgamation of reef-fringed islands for port construction and oil 49 refineries have resulted in a loss of over 60% of Singapore's original reef area (Chou, 2006) .
50
Ongoing coastal development and dredging of shipping channels, which release large 51 volumes of sediments, associated nutrients and trace metals into the marine environment, are 52 primary threats to coral reef health in Singapore (see review in Todd et al., 2010) . In the present study, we analyse four parameters of coral health in relation to 115 fluctuations in nutrient and sediment loads. We measured coral photo physiology (maximum 116 quantum yield, symbiont density and chlorophyll a content) as well as coral growth rates.
117
These indicators of coral health allowed to follow changes over shorter sampling periods
118
(non-retrospective) and test the effects of seasonal fluctuations in water quality. Specifically,
119
the objectives of the paper were to: 1. Assess spatial and temporal variations in coral addition, three colonies of Pocillopora damicornis were also collected from Kusu Island.
129
These corals were selected as they represent both abundant (>5% cover), resilient species violated, data were adjusted using the Greenhouse Geisser adjustment. Post hoc analyses 254 using Bonferroni corrections indicated between which sites significant differences occurred.
255
Monthly variations in water quality variables were averaged over five sampling between months with improved WQI (<-0.10) and poor WQI (>0.00) using a paired T-test.
265
PCA was used to examine the relationship between spatial and temporal variations in Curtis similarity index. The model was able to identify which combination of variables 273 explained the most variation in coral condition for each coral species across all three sites.
274
The statistical analysis was carried out using the statistical software packages RStudio 275 (version 0.98.507) and PRIMER 6 (version 6.1.16).
277
Results
278
Environmental variables 279
Rainfall and water temperature
The total monthly rainfall (supplied by the Singapore Meteorological Service) was 
Spatial and temporal variation in water quality
290
The WQI was spatially and temporally variable with poor water quality typically 
Symbiont densities and coral chlorophyll a concentration 321
There was no significant difference in symbiont densities and chlorophyll a among sites for 322 all coral species (p>0.05; Fig. 8 & 9 ). Yet significant temporal differences in symbiont 323 density were found for M.ampliata and P.damicornis (p<0.017, 
Environmental drivers of coral condition
Water quality variables explained between 52 to 83% of the variation in coral condition over 328 the study period ( coral species (Fig. 10) . Months when the mean growth rate for all coral species fell by >15% 340 included June (Z score = 7.92), September (Z score = 1.08) and December (Z score = 1.85).
341
Water quality conditions during these months were considered to be over coral growth 342 thresholds. In contrast, April (Z score = -4.09) and February (Z score = -3.56) had coral 343 growth rates that exceeded the annual mean by >15%. conditions. There has been little variation in coral cover and diversity within shallow waters rates occurred during months when coral yields were reduced (Fig 6-9 ). Based on these 539
considerations, water quality thresholds specific to Singapore were selected (explained in 'Impacts of ship-wake induced sediment resuspension on corals and sea grass in Singapore'.
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